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(54) PLATING METHOD FOR PERMANENT MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently obtain a permanent magnet with a plating layer 
excellent in dimensional precision and corrosion resistance is formed by immersing the 
permanent magnet to be treated into an electropolishing soln. of specified pH value, executing 
energizing, subjecting the surface of the magnet to electropolishing and thereafter executing 
electroplating. 

SOLUTION: For example, a magnet stock of rectangularly parallelepipedic body as it is after 
compacting and sintering or in which required machining has been completed is immersed into 
an electrolytic grinding soln., which is energized for required time to subject the surface of the 
permanent magnet to electropolishing by required depth particularly with the edge part as the 
center, and, after that plating is executed. As a result, the electric current concentrates on the 
edge of the object to be treated, and, therefore, the plating layer is thickly formed on the edge 
of the magnetic stock of the rectangular parallelepipedic body. The electropolishing soln., is 
required to be neutral or alkaline with pH of 6.0 which does not dissolve the magnet only by 
immersion to control the amount of polishing with energizing time. As for the magnet to be 
treated, both sintered magnets and bond magnets are made the object, but, there is remarkable 
effect on R-Fe-B permanent magnets in particular. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The plating approach of a permanent magnet of giving electroplating after being immersed 
into with a pH of 6.0 or more electropolishing liquid, energizing a permanent magnet and carrying 
out anode plate electrolytic polishing of the permanent magnet front face. 
[Claim 2] The plating approach of a permanent magnet of performing an anode plate 
electropolishing process, acid washing and/or a washing process, and an electroplating process 
continuously in claim 1 . 

[Claim 3] The plating approach of a permanent magnet that a permanent magnet is a R-Fe-B system 
sintered magnet or a R-Fe-B system bond magnet in claim 1 or claim 2. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] By starting amelioration of the plating approach of permanent magnets, such 
as a R-Fe-B system magnet, giving anode plate electropolishing to this magnet, using with a pH of 
6.0 or more electropolishing liquid as a last process of plating processing, and polishing a magnet 
edge preferentially, this invention can control that the plating thickness after plating processing 
serves as an ununiformity, and dimensional accuracy falls, and relates to the plating approach of the 
permanent magnet in which process saving and consecutive processing are possible. 
[0002] 

[Description of the Prior Art] Conventionally, a high performance permanent magnet, especially a R- 
Fe-B system permanent magnet (at least one sort of the rare earth elements in which R contains Y) 
need to prepare a protective coating for corrosion-resistant improvement, and electroplating, the 
nonelectrolytic plating method, the resin painting method, the aluminum chromate treatment method, 
etc. are learned as the surface treatment approach. 

[0003] Since the coat obtained has the corrosion resistance which was precise and was excellent and 
fits mass production method, the surface treatment of the R-Fe-B system magnet concerned of 
especially electroplating is in use. However, in electroplating, in order that current density may 
concentrate on the edge of a processed material, the so-called dog bone phenomenon in which the 
thickness of an edge becomes thick rather than the center section of the processed material is not 
avoided. 

[0004] The above-mentioned dog bone phenomenon is so remarkable that plating thickness becomes 
thick, the variation of tolerance of a center section and the edge of a processed material will be 
expanded, and dimensional accuracy, such as whenever [ parallelism / of a processed material /, 
flatness, and profile ], falls. 

[0005] It is made indispensable to use current and a R-Fe-B system permanent magnet abundantly at 
a small precision-mechanical-equipment and computer machine, audio equipment, etc. so that they 
may employ the high performance efficiently, to require close dimensional accuracy with small and 
lightweight-ization inevitably, and to have high corrosion resistance. 

[0006] Since a dog bone will become large as thickness is increased like **** although about 10-30 
micrometers of plating thickness are generally needed if the corrosion resistance of a R-Fe-B system 
permanent magnet is taken into consideration, dimensional accuracy will fall more. Therefore, barrel 
finishing etc. was conventionally performed before plating processing, R beveling was beforehand 
performed at the edge of a magnet material, and the approach of equalizing the thickness after 
plating processing was taken. 
[0007] 

[Problem(s) to be Solved by the Invention] In order that a current may concentrate on the edge of a 
processed material if plating processing is carried out after carrying out acid- washing processing of 
the magnet material 1 (the cross section of a rectangular parallelepiped is shown in drawing 1 C) of a 
rectangular parallelepiped or a cylinder in order to remove sintering and the damaged layer of the 
front face as shown in drawing 1 C for example, if it explains in full detail, the plating layer 2 is 
thickly formed by magnet material 1 edge of a rectangular parallelepiped. 

[0008] Then, although changing to conventional plating liquid and using the plating liquid which 
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was excellent in homogeneous membrane thickness nature is also performed, a dog bone cannot be 
controlled completely. This is unavoidable as long as it is electroplating. 

[0009] Moreover, although acid washing is carried out and plating processing is carried out [ in order 
to equalize the thickness after plating processing ] after carrying out barrel finishing of the magnet 
material 1 as shown in drawing 1 R>1B when performing barrel finishing before the above- 
mentioned plating processing Since the whole which causes a fall and cost rise of production 
efficiency, and contains not only an edge but the flat-surface section in order for the beveling process 
by barrel finishing to take great time amount and time and effort was polished, the processing loss 
had become a problem. 

[0010] Moreover, although the approach of replacing with electroplating and adopting a 
nonelectrolytic plating method was also tried, there was a problem that management of plating liquid 
was difficult compared with electroplating, with the cost quantity of plating liquid. 
[001 1] This invention solves the problem of the conventional electroplating, makes process saving 
and consecutive processing possible for the permanent magnet in which the plating layer which has 
the corrosion resistance which excelled and was excellent in dimensional accuracy, such as 
whenever [ parallelism / on the front face of a magnet /, flatness, and profile ], was formed, and aims 
at offer of the plating approach of the permanent magnet which can be mass-produced efficiently. 
[0012] 

[The means for solving invention] By removing beforehand a part for surplus edge [ which artificers 
perform barrel finishing as a last process of the plating processing currently performed 
conventionally, polishes a magnet edge preferentially, and is produced according to a dog bone 
phenomenon ] thickness In the approach of raising the dimensional accuracy of the magnet after 
electroplating, processes are reduced more. By controlling the resistance welding time only by 
immersion with necessary current density using the electropolishing liquid which does not dissolve a 
magnet, as a result of examining many things for the purpose of the approach efficient consecutive 
processing is realizable and inquiring wholeheartedly especially paying attention to electropolishing 
The amount of polishing by electropolishing could be controlled correctly, and the knowledge of the 
ability to adjust the dimensional accuracy of the magnet after electroplating to altitude was carried 
out. 

[0013] Furthermore, artificers can perform an electropolishing process and an electroplating process 
continuously in the same Rhine which put the processing tub in order. Improvement in production 
capacity could be aimed at by process saving and consecutive processing, the knowledge of the 
ability to manufacture stably permanent magnets, such as a R-Fe-B system magnet in which the 
plating layer which has the corrosion resistance which excelled and was excellent in dimensional 
accuracy, such as whenever [ parallelism / on the front face of a magnet /, flatness, and profile ], was 
formed, was carried out, and lids invention was completed. 

[0014] That is, this invention is the plating approach of the permanent magnet characterized by 
performing electroplating necessary at a back process, after being immersed, energizing a processed 
permanent magnet in the with a pH of 6.0 or more electropolishing liquid which does not dissolve a 
magnet only by immersion and only the necessary depth's electropolishing a permanent magnet front 
face. 

[0015] Moreover, artificers propose collectively the approach of performing an electropolishing 
process, acid washing and/or a washing process, and an electroplating process continuously, and how 
a processed permanent magnet is a R-Fe-B system sintered magnet or a R-Fe-B system bond magnet 
in the plating approach of the above-mentioned configuration. 
[0016] 

[Embodiment of the Invention] If plating processing is carried out after immersing the magnet 
material 1 of a rectangular parallelepiped into electropolishing liquid, carrying out duration 
energization and electropolishing only the necessary depth centering on a permanent magnet front 
face, especially an edge, for example, it completed machining remaining as it is or necessary after 
shaping or sintering, as an example of the process of this invention was shown in drawing 1 A, in 
order that a current may concentrate on the edge of a processed material, the plating layer 2 is thick 
at the edge of the magnet material 1 of a rectangular parallelepiped, and membranes are formed. 
[0017] When it explains in full detail, this invention is what polishes the edge of a processed 
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permanent magnet material preferentially by anode plate electropolishing with completely reverse 
plating. By making the amount of polishing equal to a part for the plating bed depth which adheres to 
the location concerned at the time of the plating of degree process The difference of the center 
section and edge of a plating bed depth which were formed after plating processing does not appear 
as variation of tolerance in a plating magnet front face, but does so the effectiveness that dimensional 
accuracy, such as whenever [ parallelism / on the front face of a magnet /, flatness, and profile ], is 
extremely excellent. 

[0018] Moreover, in this invention, since the amount of polishing by electropolishing is correctly 
controllable, dimensional accuracy can be adjusted to altitude, further, acid-washing processing of 
degree process can be considered as an abbreviation or slight processing, and it also becomes 
possible to aim at compaction of process saving and the processing time etc. 
[0019] In this invention, as a processed permanent magnet, the sintered magnet of which a well- 
known presentation and a bond magnet can also be made into an object, even if magnet 
configurations are also which configurations, such as the shape of a rectangular parallelepiped, a 
cube, cylindrical, and a ring, it is the same, and a corrosion-resistant protective coating does 
remarkable effectiveness so to an indispensable R-Fe-B system permanent magnet especially. 
[0020] In this invention, in order that electropolishing liquid may control the amount of polishing by 
the resistance welding time etc., it needs only at immersion to be the with a pH of 6.0 or more 
neutrality or alkalinity in which a magnet is not dissolved, and that [ its ] in which the salts contained 
in liquid do not dissolve the processed permanent magnet at the time of immersion as much as 
possible further, either is desirable. 

[0021] In the case of a R-Fe-B system permanent magnet, especially as electropolishing liquid, it 
consists of with a pH of 6.0 or more neutrality or alkalinity, and what has the presentation which 
contains EDTA (ethylene-diamine-tetraacetic acid), a pyrophosphoric acid, etc. as a complexing 
agent, and contains the lauryl sulfuric acid Na, alkylbenzene-sulfonic-acid Na, etc. as a surface 
active agent is desirable [ a sodium sulfate, a sodium chloride, potassium sulfate, potassium chloride, 
etc. ] as electric conduction salts as aforementioned. 

[0022] Moreover, although the conditions of anode plate electropolishing change with classes of the 
electropolishing liquid to be used or permanent magnet In order to control the amount of polishing 
by the resistance welding time especially in the case of a R-Fe-B system permanent magnet As a 
processing tub, as an electrode vinyl chloride, a rubber lining, PP tub, etc. It is desirable to carry out 
on condition that 20-50 degrees C of solution temperature, current density 0.1-10 A/dm2, and 
electrical conductivity 100 - 300 mS/cm using insoluble anodes, such as stainless steel, etc. They are 
30-40 degrees C of solution temperature, current density 1-5 A/dm2, and electrical conductivity 
1 50 - 200 mS/cm still more preferably. 

[0023] Although anode plate electrolytic polishing is carried out and the magnet material is 
electroplated after acid- washing processing in drawing 1 A which shows an example of the process 
of this invention, continuation Rhine processing is possible for acid-washing down stream 
processing from anode plate electropolishing to plating processing, without passing by machining 
like barrel finishing along another Rhine, since it can consider as an abbreviation or slight 
processing, and activation etc. can also be added suitably if needed and it is immersed in a 
processing tub in any case. 
[0024] 

[Example] The R-Fe-B system sintered magnet of a rectangular parallelepiped with which example 1 
dimension consists of 30mmxl5mmx2mm is used as processed magnet material 1. A sodium sulfate, 
electropolishing liquid with a temperature of 40 degrees C which contains EDTA as a principal 
component (trade name PAKUNA) When it was immersed in the YUKEN INDUSTRY CO., LTD. 
make and pH=7.0, it energized for 15 minutes by current density 1.0 A/dm2 and anode plate 
electropolishing processing was performed, magnet material la to which 2 micrometers was carried 
out for the center section in 12-micrometer depth, and electropolishing of the surface was carried out 
for the edge was obtained. 

[0025] In this magnet material la, when nickel was covered with electroplating after backwashing by 
water, in the center section of magnet material la, nickel plating layer 2 of 25-micrometer thickness 
was formed in 15 micrometers and an edge, and the crossover of the flatness of a center section and 
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an edge was 0 micrometer. 

[0026] When barrel finishing was performed to the same processed magnet material 1 as example of 
comparison 1 example 1 for 4 hours, magnet material lb by which the center section was polished by 
10 micrometers and the edge was polished in 20-micrometer depth was obtained. When short-time 
acid-washing processing was performed to this magnet material lb and electroplating subsequently 
covered nickel on an example 1 and these conditions, in the center section of magnet material lc, 
nickel plating layer 2 of 25-micrometer thickness was formed in 15 micrometers and an edge, and 
the crossover of the flatness of a center section and an edge was 0 micrometer. 
[0027] When acid-washing processing of the same processed magnet material 1 as example of 
comparison 2 example 1 was carried out, 10 micrometers of surfaces were etched and electroplating 
covered nickel on an example 1 and these conditions to this magnet material lc, nickel plating layer 
2 of 25-micrometer thickness was formed in 15 micrometers and an edge, and 10 micrometers of 
nickel plating layers of an edge were thickly formed by the center section of magnet material lc 
from the center section. 

[0028] Since according to the approach of electroplating the crossover with a center section and an 
edge is 0 micrometer, and the outstanding flatness is obtained and only an edge can be preferentially 
polished after giving anode plate electropolishing by this invention so that clearly from an example 
1, it turns out that the amount of polishing of a center section is small (2 micrometers) very much. 
[0029] On the other hand, according to the approach (example 1 of a comparison) of electroplating, 
after performing barrel finishing, although excelled like the example of this invention, since not only 
an edge but a center section is polished while a barrel-finishing process takes much time amount, as 
for flatness, it turns out that the loss accompanying polishing is large. Furthermore, according to the 
approach (example 2 of a comparison) which does not polish an edge beforehand, it turns out that the 
dog bone phenomenon formed more thickly [ an edge ] than a center section has arisen. 
[0030] By using the R-Fe-B system sintered magnet of the shape of a flat ring which consists of 
example 2 outer diameter of 40mm, a bore of 20mm, and thickness of 1mm as processed magnet 
material, the processed magnet material was immersed into this electropolishing liquid with a 
temperature of 20 degrees C using the same electropolishing liquid as an example 1, it energized for 
20 minutes by current density 0.6 A/dm2, and anode plate electropolishing processing was 
performed. In addition, the electrical conductivity at the time of polishing was 250 mS/cm. 
[003 1] As for the obtained magnet material, electropolishing of the surface was carried out [ the ring 
peripheral face center section ] for 1 micrometer and a ring peripheral face edge in 15 -micrometer 
depth. Subsequently, in this magnet material, when nickel was covered with electroplating after 
backwashing by water, in the ring peripheral face center section, nickel plating layer 2 of 29- 
micrometer thickness was formed in 1 5 micrometers and a ring peripheral face edge, and the 
crossover of the flatness of a center section and an edge was 0 micrometer. 
[0032] By using the R-Fe-B system bond magnet of the shape of a cylinder which consists of 
example 3 outer diameter of 20mm, a bore of 17mm, and thickness of 30mm as processed magnet 
material, the processed magnet material was immersed into this electropolishing liquid with a 
temperature of 40 degrees C using the same electropolishing liquid as an example 1, it energized for 
5 minutes by current density 2.0 A/dm2, and anode plate electropolishing processing was performed. 
In addition, the electrical conductivity at the time of polishing was 150 mS/cm. As for the obtained 
magnet material, electropolishing of 0.5 micrometers and the ring peripheral face edge was carried 
out for the ring peripheral face center section in 10.5-micrometer depth. 
[0033] Subsequently, in this magnet material, when electroplating covered nickel on the same 
conditions as an example 3 after hole processing, in the ring peripheral face center section, nickel 
plating layer 2 of 21 -micrometer thickness was formed in 1 1 micrometers and a ring peripheral face 
edge, and the crossover of the flatness of a center section and an edge was 0 micrometer. 
[0034] It turns out that the effectiveness that the configuration is the same at any cases is acquired 
possible [ obtaining a sintered magnet, bond magnet ******, and the outstanding flatness ] so that 
clearly from an example 1 - an example 3. In addition, in the above-mentioned example, although 
the R-Fe-B system permanent magnet was taken up as a desirable operation gestalt, if it is the 
permanent magnet ingredient which can perform electroplating, it is possible to acquire the same 
effectiveness as the above. 
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[0035] Except energizing for 20 minutes by example 4 current-density 1.5 A/dm2, it is the same 
magnet material as an example 1, and the same approach, and anode plate electropolishing 
processing and nickel plating were performed. Distribution of each thickness dimension after anode 
plate electropolishing processing and nickel plating is shown in drawing 2 at the time of a magnet 
material. As a comparison, distribution of each thickness dimension after acid- washing processing 
and nickel plating is shown in drawing 3 at the time of the magnet material in the example 2 of a 
comparison. In addition, an axis of ordinate shows a distribution rate (%). 

[0036] According to this invention, in the distribution after electropolishing, a center section and an 
edge are divided completely and form two crests so that clearly from drawing 2 . This shows that 
only the edge was polished by electropolishing. Moreover, the distribution after nickel plating has 
lapped mostly and understands that flatness is good for a center section and an edge. 
[0037] On the other hand, although the distribution after acid-washing processing has lapped mostly 
in the approach of the example of a comparison shown in drawing 3 of not performing anode plate 
electropolishing processing in the center section and the edge, a center section and an edge are 
divided completely and the distribution after nickel plating forms two crests. This has proved that the 
thickness of an edge became thick according to the dog bone phenomenon. 

[0038] Whenever [ flatness / of the R-Fe-B system sintered magnet which has nickel plating layer 
obtained in the example 5 example 4 /, parallelism, and profile ] was measured. The measurement 
result of flatness and parallelism is shown in drawing 4 , and the measurement result of whenever 
[ profile ] is shown in drawing 5 . In addition, the example which carried out energization processing 
for 30 minutes by current density 1 .0 A/dm2 is doubled with the R-Fe-B system sintered magnet 
which has as a comparison nickel plating layer obtained in the example 2 of a comparison, and a list 
as reference, and it is shown in drawing 4 and drawing 5 . Whenever [ profile ] measured using the 
figure gage. 

[0039] Although the profile after a material and nickel plating changes somewhat in the example of a 
comparison also about also whenever [ profile / which flatness and parallelism show a good value 
compared with the example of a comparison which does not perform electropolishing processing, 
and shows them to drawing 5 ] so that clearly from drawing 4 , according to this invention, it turns 
out that the profile after a material and nickel plating hardly changes. 

[0040] Drawing 5 is a graph which shows whenever [ profile / of the permanent magnet obtained by 
this invention **** plating approach ], and, in the case of the example of a comparison in which A 
does not have electropolishing, in after B ********** (current density 1 .0 A/dm2), C is a case after 
electropolishing (current density 1.5 A/dm2). In all, the standard tolerance at the time of a material 
shows the case after electropolishing and nickel plating for change of the profile of a less than (it 
displays by 0.6mm) **0.3mm front face. 

[0041] After having immersed this magnet material into electropolishing liquid with a same 
temperature [ as an example 1 ] of 40 degrees C by having used the R-Fe-B system sintered magnet 
which consists of a 30mmxl5 mmxHmm (H is 6.5mm, 4.0mm, and 2.8mm) dimension as processed 
magnet material, energizing for 10 - 30 minutes by current density 1.0 A/dm2 and performing 
electropolishing processing, magnetic properties (coercive force) were measured about the R-Fe-B 
system sintered magnet which covered nickel with electroplating. The result is shown in drawing 6 . 
Moreover, the corrosion-resistant (PCT) trial was measured about what performed electropolishing 
processing for 30 minutes. The result is shown in drawing 7 . 

[0042] The permanent magnet obtained by this invention has magnetic properties good irrespective 
of the thickness of a magnet material, and the electropolishing processing time, and electropolishing 
processing also shows that corrosion resistance does not deteriorate so that clearly from drawing 7 , 
so that clearly from drawing 6 . 
[0043] 

[Effect of the Invention] Since a magnet edge can be preferentially polished by anode plate 
electropolishing according to this invention so that clearly from an example, The difference (dog 
bone phenomenon) of the center section and edge of a plating bed depth which were formed after 
plating processing It does not appear as variation of tolerance in a plating magnet front face, but 
permanent magnets, such as a R-Fe-B system magnet in which the plating layer which has the 
corrosion resistance which excelled and was excellent in dimensional accuracy, such as whenever 
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[ parallelism, flatness, and profile ], was formed, are offered stably, and the thing of them can be 
carried out. 

[0044] Moreover, since this invention approach can control correctly the amount of polishing by 
anode plate electropolishing by current density, the resistance welding time, etc., it can adjust the 
dimensional accuracy of the permanent magnet after electroplating to altitude. Furthermore, while it 
is possible to carry out continuously in the same Rhine which put the processing tub in order for the 
anode plate electropolishing process and the electroplating process, and also being able to consider 
acid-washing processing after anode plate electropolishing processing as an abbreviation or slight 
processing and being able to aim at improvement in the production capacity by consecutive 
processing in process saving and the compaction list of the processing time, mass production method 
becomes possible. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



>rawing 6 




10 



20 



30 



JDrawing 7] 





O OH= 6.5mm 

o-«H3H=4.0mm 
*~ *H= 25mm 



12 24 



36 



[Drawing 1] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



9/30/2005 



JP,1 1-140700, A [DRAWINGS] 



Page 2 of 4 




[Drawing 2] 

A 50 



V 40 

W 20 

1 10 

0 



$3 : 1.95753 



























■ 9 — t, ,.i i i i t i i t 



O i-l « CO f ID O 



C mm ) 



B 50 
>* 40 

§ 20 
0 



jjl:^^ 1.94056 



3 3 s rfVaTs"? 1 s s s a 




C 50 

* 30 
^ 20 

JE 10 - 



fr#r: ¥^1.9732 



% : J ^ 1.97325 



S 2 =! £! 2 r £ 2 « oT <=> « T 

23233333S323S3 



[Drawin g 3 ] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



9/30/2005 



JP,1 1-140700, A [DRAWINGS] 



Page 3 of 4 



* 40 h 

SI 20 
0 



1.96279 




j — i — i i i i i t i 



S S ? S 3 s 

&*+m (mm) 




^ 45 

* 40 

vy 35 

^ 30 

$ 25 

£ 20 

ja t5 

7" 10 

<fc 5 



^1.96685 






%S:Y*I 100254 


mm nllll 


1 

iln.niilBBli 



«•» rt in 



3 Si A CJ G) O 



m o* o — * 
OJ o> o o o 
»-« oJ c4 c4 



J? *f ffi < mm ) 



[Drawing 41 
A 



aos 

| 0.04 

0.02 
0.01 
0 



wmmm w*m m ^mm» 



B 



xmmmm mmmm a w*mm 9 
[Drawing 5] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



9/30/2005 



JP,1 1-140700,A [DRAWINGS] 



Page 4 of 4 




[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/30/2005 



